ABSTRACT-A case-control study of 1,625 cases and 3,091 controls was conducted in France from 1976 to 1980 to compare the effects of different smoking habits, especially the use of filter cigarettes, tobacco types (light or dark), and the use of hand-rolled or manufactured cigarettes on the occurrence of lung cancer. All cases had histologically confirmed lung cancer; the controls were matched by sex, age, hospital of admission, and interviewer. The reported results concern only male nonsmokers and males who smoked (or had smoked) Cigarettes exclusively, i.e., a total of1,217 Kreyberg I and Kreyberg II cancer cases and 1,915 controls.
At present, lung cancer is the most important cause of cancer death among men in many industrialized coun tries, including France (1 ) . Over the past 30 years, the association between lung cancer and tobacco (principally cigarette consumption ) has been demonstrated in a large number of epidemiologic studies (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Several charac teristics of smoking habi ts have been studied, incl uding (for cigarettes) the type of tobacco and the use of filters.
. .
Filter cigarettes were first introduced in England and in the United States during World War II, but did not dominate the market until the 1960's. In France, their introduction dates back only about 30 years, and they still represent only a minority of sales. Most studies have shown a lower risk of lung cancer among smokers of filter cigarettes than among smokers of nonfil ter cigarettes (4, (13) (14) (15) (16) (17) (18) . With regard to the type of tobacco (light or dark), the situation in France is different from that in England and the United States, since cigarettes made of dark to bacco represented about 82%of the total sales in 1976 (19) , whereas in England and in the United States, cigarettes are almost exclusivel y made with light tobaccos. We report here the results of a case-control study which compared the role of different smoking habits in the causation of lung cancer. Among the various measures of exposure to tobacco, the use of filter cigarettes, the type of tobacco (light or dark), and the use of hand-rolled or manufactured cigarettes have been studied especially.
.
METHODS
Subjects.-An epidemiologic study of lung cancer was conducted simultaneously in France and in four other European countries [Austria, Germany, Italy (Milan, Rome) , and Scotland] with the support of the U .S. National Cancer Institute. In France, this case-control study was performed from 1976 to 1980 in 16 French hospitals, 13 of which are located in Paris. A total of 1,625 cases and 3,091 controls were included. The reported results concern males who had never smoked an ything but cigarettes, as well as nonsm o kers, i.e., 1,3 34 (87.2% ) cases a nd 2,409 (81.3%) controls, respec tively, of the whole study population .
Lung cancer patients were interviewed by 9 interview ers, either during hospitalization or during consultation for endoscopy; all lung cancer cases had to be histologi cally confirmed, and all had been diagnosed less than I year before the interview. Cases assessed only on clinical grounds were not included. All hospitalized cases were visited, except during periods of absence of the iriter- Two controls, selected by searching acceptable records in different units, were matched to each case by sex, age (±5 yr), hospital of admission, and interviewer (20) . During the last year of the study, cases more than 60 years old, who were widely represented in the sample, were matched to only I control (9%). A short lapse time before or after the interview of the case was required. The population of eligible controls consisted of patients hospitalized for non-tobacco-related diseases. This re quirement excluded patients with cancers of the respira tory tract, esophagus, liver, pancreas, bladder, and kidneys, and patients with myocardial infarction, other cardiovascular diseases, gastric ulcers, and chronic bron chitis. In addition, patients with alcoholic cirrhosis were _ excluded . Because of this required condition and of the matching criteria, all eligible controls present in partici pating units at the time of the interviewer visit were included and the vast majority agreed to participate. Seven percent of the total number of interviewed controls were found unacceptable according to the eligibility criteria. However, 64 controls (3.3%) with tobacco-related disease or liver cirrhosis have been included and were not excluded from the analysis. Among the 1,915 controls, the main diagnostic categories were: trauma (13.8%), osseous diseases (12.9%), viral and other infective diseases (11.1 %), benign tumors (10.2%), malignant tumors (8.1 %), neurological diseases (7.3%), and digestive diseases (7.1%).
The questionnaire included questions about places of residence since birth (urban or rural ), educational level (number of school years since the beginning of educa tion), occupations, smoking, and drinking habits. Risks associated with the various measures of exposure to exclusive cigarette consumption will be detailed. Smokers were defined as people having smoked at least one cigarette per day during at least I year.
The following data were collected for each smoker: Age at the first cigarette, depth and frequency of inhalation, the four most recent cigarette brands habitually smoked (which were found to be sufficient to describe the total smoking life of a cigarette smoker), and, for each, the daily consumption and the duration of smoking. Each brand was classified either as light or dark type according to its constituting varieties of tobacco and to the way these tobaccos were cured; these data were provided by the experts of the French tobacco monopoly. Ex-smokers were defined as people who had stopped smoking at least I year before the interview. For each ex-smoker, the age of final cessation was noted in addition to the data above. The daily consumption has been calculated by dividing the total life-long number of cigarettes smoked by the overall duration of smoking in days.
A nalytical method. -Percentages were compared by the X2-tesl. RR of lung cancer have been estimated with the Mantel-Haenszel method (21) , and 95% CI with the use of the Cornfield method (22) . The different param eters characterizing the smoking habits have been ana lyzed by matched logistic regression (20) .
RESULTS
Patients with cancer of Kreyberg type I were signifi cantly older (P<'OOI) and had had significantly less education than those with cancer of Kreyberg type II or than the controls (table I) .
The percentage of regular smokers was, of course, significantly greater (P<'OOI) among cases than among controls. Moreover, it was significantly higher (P< .O I) in Kreyberg I cases (97 .8%) than in Kreyberg II cases (92.4%). The RR of smokers relative to nonsmokers in these two types of lung cancer cases were 17.2 (P< .OOOI) and 3.6 (P<.OOI) , respectively (table 2). In both types, the risks increased significantly (P<'OI; linear trend tests) with the age at diagnosis (table 2) . The separate studies of the different parameters measur ing the exposure to cigarettes showed an increased risk of lung cancer in smokers compared to nonsmokers for the following parameters: age at first cigarette, daily con sumption, frequency of inhalation, and duration of smoking. Trend tests have appeared to be highly signifi cant [or each of these four variabJes (P<.OOOI) for the Kreyberg I and Kreyberg II type cancers, except for the age at the first cigarette, which is not significantly different in Kreyberg II cases from matched controls. In contrast, a decreased risk was noted among ex-smokers compared to current smokers, which was dependent on the number of years since cessation; the trend test was also significant (P<.OOOI) ( cases , the RR for lifetime nonfilter cigarette users was l. 7 times greater (P<.OOI ) than the risk for lifetime filter cigarette users (table 4) . Long-term smokers and long term quitters are more often lifelong nonfilter cigarette smokers. The excess of risk for nonfilter compared to filLer cigarette smokers was not significantly increased (RR= 1.28) when duration of smoking and years . since cessation were taken into account; rjsk associated with use of filter cigarettes is confounded by these two variables.
All these risks could not be estimated among Kreyberg ' II cases because of the small size of the sam pIe.
The evolution of RR of lung cancer with duration of smoking and daily consumption has been estimated among lifelong light and dark cigarette smokers sepa rately (excluding ex-smokers). Table 5 shows the evolu tion in light and dark tobacco smokers: In dark tobacco smokers, risks are increased both with duration of smoking and with daily consumption. Moreover, when the risks could be estimated among light cigarette smokers, those observed among dark compared to light are increasingly greater in each class of duration and daily consumption. A similar analysis was performed among lifelong filter and nonfilter cigarette smokers; as seen in table 6, in each of these two categories of smokers, RR increase with duration of smoking and daily con sumption. In each daily consumption and duration of smoking category, the risk for non filter cigarette smokers is greater than that for filter cigarette smokers. Similar rolled and exclusive manufactured cigarette smokers were compared. Risks were higher for hand-rolled cigarette smokers than for manufactured cigarette smokers (table  7) .
The main purpose of this paper was to study the effect of filter use and type of tobacco on lung cancer. All the parameters described above were studied together in a matched logistic model that took into account all the variables for the Kreyberg I category. This method allowed the estimation of RR for each variable when adjusting for the others. For all these covariates, the risks have been verified to be multiplicative. Social class was also introduced in the logistic model by the creation of 3 categories on the basis of the patients' occupations reflecting their educational level: low (unskilled manual ), medium (unskilled nonmanual), and high (skilled). The analysis performed among both smokers and nonsmokers (1 ,047 cases and 1,730 matched controls) allowed us to determine the characteristics of the less exposed category of smokers, i.e. : 1-9 cigarettes per day, 1-25 years of smoking, no inhalation, light, filter and manufactured cigarette smokers, ex-smokers, and high social class. The excess risk associated with age at first cigarette was not significant when duration of smoking was introduced in the model. These two variables being strongly correlated, only duration of smoking was considered in the model. The excess risk for this less exposed category versus nonsmokers was 1.41 (P<.OOOI).
The second analysis consisted of the study of the parameters among smokers. Table 8 shows the contribu tioi-l of each covariate introduced in this model. All the adjusted RR have been estimated versus the less exposed category of smokers defined above. A total of 868 strata composed of 868 Kreyberg I cases and 1,473 matched controls has been considered. The 206 cases who had to be excluded because their matched controls did not satisfy the req uired cri teria (excl usi ve cigarette smokers) were verified to have had the same characteristics and smoking behavior as those who remained in the analysis.
It appears that the following covariates are signifi cantly associated with lung cancer: daily consumption (P<.OOOI), duration of smoking habit (P<.OOOI), fre quency of inhalation (P<.OOOI), social class (P<.OOOI), and type of tobacco (P<.02). An excess of risk, although not statistically significant, was associated with nonfilter use (RR = 1.23; P<. II), use of hand-rolled cigarettes The results were similar when ex-smokers were excluded of the model; moreover, the excess risk associated with nonfilter use was significant (RR= 1.24; P <'02).
DISCUSSION
The results of a French study which is part of a large international case-control study on lung cancer are described. General critical comments of the protOcol have been presented in a recent paper on the complete set of international data (16); however, the lack of a histologic concordance study among French hospi tals must be noted.
A large number of epidemiologic studies (23) (24) (25) have shown a strong association between cigarette consump tion and Kreyberg I lung cancer among males. For adenocarcinoma (Kreyberg II cases), the risk was found to be increased b y-some authoIs-(2J~2-5), and unchanged by others (26, 27) . In our study, the risk of lung cancer associated with cigarette consumption was increased not only for Kreyberg I category (RR= 17.2) but also. less strongly. for adenocarcinoma (RR=3.6).
I n this study, although the regression resul ts must be interpreted cautiously because of the correlations among many of the smoking-related variables (28) , all the usual covariates measuring cigarette exposure have been found to be significantly associated with Kreyberg I lung cancer. The lack of significance for nonfilter versus filter cigarette smokers (RR= 1.23) when smokers and ex smokers are included in the model may be explained by the fact that long-term quitters are more often lifelong nonfilter cigarette smokers, as seen above.
We found a higher risk for dark versus light cigarette smokers among Kreyberg I cases; although the propor tion of light cigarette smokers was not too high (3.4%), this excess risk (RR =I.94) persisted after accounting for the other covariates that measure the cigarette exposure in a logistic model. These results fit the hypothesis of a more harmful effect of dark tObacco compared to light tobacco (29) recently supported by an epidemiologic study conducted in Cuba (15) .
The increased risk of lung cancer associated with dark tobacco can be contrasted to the low rate of death by lung cancer seen in France-where most cigarette smokers use dark tobacco-as opposed to other European countries and the United States, where light tObacco is smoked usually. For example, in 1976 the death rates observed among males in France and in England were around 40 and 7S , per 100,000, respectively (world population standardized mortality rates) (1). These statistics can be explained by the study of the mean cigarette sales .per adult (i.e .. IS yr old and over), in these countries (30) If our results are supported by other epidemiologic studies, an important evolution in the French situation could be expected, since in our country the total sales of light tobaccos increased from 18% in 1976 to about 43% in 1983 (19) . However, our results need the support of several other studies before we can establish our hypothesis. We ---Never ----.
----. 1:23 ('''=178T~tl3r-a Value represents the log likelihood function when the corresponding covariate is removed from the "all variables" model.
expect the most relevant s,upport to come from the results obtained in the other countries participating in this study. especially from Italy.
